The paper presents modeling of egg production (Egg -no. of eggs female -1 d -1 ) by Temora longicornis in the changing environmental conditions of the southern Baltic Sea (Gdańsk Deep). It is hypothesized that the food-saturated rate of egg matter production is equivalent to the specific growth rate of copepods. Based on the findings from the south-western Baltic Sea, Egg of T. longicornis is evaluated as a function of food concentration, temperature and salinity over a wide range of these parameters. Subsequently, the rate of reproduction during the seasons in the Gulf of Gdańsk is determined. According to our calculations, values of Egg reach ca 11 eggs per day in April and decline strongly in June-July, while the second smaller peak in reproduction occurs in September, ca 8 eggs per day. Our results suggest that egg production rates of T. longicornis depend not only on food concentration and temperature, but also on salinity, which is a masking factor in the Baltic Sea.
INTRODUCTION
Copepods are the most important secondary producers in the world ocean. They represent an important link between phytoplankton, microzooplankton and higher trophic levels such as fish (Fockedey, Mees 1999; Mauchline 1998; Kleppel 1993; Zismann et al. 1974 , Devreker et al. 2005 . Younger developmental stages of Acartia spp., Temora longicornis and Pseudocalanus sp. are important components of the diet of numerous fish species such as sprat (Sprattus sprattus) and herring (Clupea harengus) in the Baltic Sea and adjacent waters, i.e. the North Sea, the English Channel, the north Atlantic Ocean and Canadian Arctic waters (Last 1980 , Wiktor 1990 .
The literature provides comprehensive experimental data which have shown that food concentration and temperature are the main factors controlling the copepod growth and egg production in the field (e.g. Ambler 1985; Devreker et al. 2005; Ianora et al. 1992; McLaren et al. 1989 , Smith, Lane 1985 . The combination of factors, food concentration and temperature, can have a direct or indirect effect on reproductive activity (Devreker et al. 2005) . Firstly, these two parameters affect the longevity of adult individuals and the maximum number of clutches produce during the complete lifespan of a female copepod (Carotenuto et al. 2002; Hall, Burns 2002; Klein Breteler, Gonzalez 1984; Makino, Ban 2000; Poli, Castel 1983) . Secondly, egg production can be affected by female size (Hirche 1992) , depending on both food availability (Mullin, Brooks 1970) and temperature (Burdloff et al. 2002 , Gillooly et al. 2001 .
In the case of the Baltic Sea, salinity is a masking factor (Peters 2006 , Holste et al. 2009 ). Specific Egg rates by copepods were compared in the North Sea and in the Bornholm Basin of the Baltic Sea by Holste et al. (2009) . The results suggest a strong influence of salinity on the early life stage survival. Temperature-specific rates of egg production are lower than would be expected at higher salinities.
Knowledge of the population dynamics of copepods -a major food source for young fish -is essential for prognostic purposes, and a number of such models have been recently produced. Apart from two cladocerans: Bosmina coregoni and Pleopis polyphaemoides, copepods are the most important zooplankton species in the Gulf of Gdańsk, including mainly: Acartia spp. (A. bifilosa, A. longiremis and A. tonsa) 
, Temora longicornis, Pseudocalanus minutus elongatus and Centropages hamatus.
The present study describes egg production by Temora longicornis in the changing environmental conditions of the southern Baltic Sea. This type of study for Pseudocalanus spp. and Acartia spp. has been previously conducted by Dzierzbicka-Głowacka and several co-workers (Dzierzbicka-Głowacka 2005a,b; Dzierzbicka et al. 2006 Dzierzbicka et al. , 2010 Dzierzbicka et al. , 2012a . A thorough assessment of copepod dynamics in the Gulf of Gdańsk is therefore possible.
This study determines the combined effect of food concentration, temperature and salinity, as a function of these three parameters, on the number of eggs produced per female T. longicornis per day. The hypothesis that the food-saturated rate of egg matter production is equivalent to the maximum specific growth rate of copepods was tested some years ago by Sekiguchi et al. (1980) for Acartia clausi hudsonicus, Berggreen et al. (1988) for Acartia tonsa, Fryd et al. (1991) for two species of Centropages, McLaren & Leonard (1995) for four species of Calanus and Dzierzbicka-Głowacka for Pseudocalanus sp. (2005c) and Acartia spp. (Dzierzbicka-Głowacka et al. 2009a) .
Our study aims at deriving a quantitative expression describing the egg production per day by a female T. longicornis from the growth rate and experimental data from the south-western Baltic Sea (Holste et al. 2009 ).
MATERIALS AND METHODS
As in the case of Acartia spp. (DzierzbickaGłowacka 2009), to describe the potential egg production, we need (i) the maximum growth rate for the naupliar stage, (ii) the egg dry weight, (iii) the weight of a female and (iv) the experimental temperature and food concentration.
Growth rate
The mean growth rate of T. longicornis for three developmental stages (N1 -C1, C1 -C3 and C3 -C5) as a function of food concentration at 15°C is given by the equation (see Dzierzbicka-Głowacka et al. 2011a: equation 4) :
where gmax (% of weight day -1 ) is the maximum growth rate at 15°C with salinity 28 PSU and excess food (see equation 1), Food (mg C m -3 ) is the food concentration, Foodo (mg C m -3 ) is the value of Food at which g = 0, and kFood (mg C m -3 ) is the halfsaturation constant, since gmax/kFood for Food is slightly greater than Foodo, and fte is the function of temperature. For each stage, Foodo = 0 and fte = 1 at T = 15°C; however, kFood is in the range of 90-140 mg C m -3 (Dzierzbicka-Głowacka et al. 2011a).
The influence of temperature on the growth rate is described by the equation (Dzierzbicka-Głowacka et al. 2011a: equation 3) including the parabolic threshold function, which describes a decrease at higher temperatures as a result of physiological depression. The mean growth rate of T. longicornis for three developmental classes (N1 -C1, C1 -C3 and C3 -C5) as a function of food concentration for different temperatures was obtained using equation (1) (Dzierzbicka-Głowacka et al. 2011a) , based on the experimental data from the North Sea after Klein .
Egg production
The hypothesis that the food-saturated rate of egg matter production is equivalent to the maximum specific growth rate of copepods ProdEgg = expgmax -1 (µg µg -1 d -1 ) was used for calculation of the number of eggs produced by each female during one day Egg = Wfemale/Wegg ProdEgg (no. eggs female -1 d -1 ) (Sekiguchi et al. 1980; McLaren, Leonard 1995) , assuming that Wegg and Wfemale are defined after Hernroth (1985) . In this study, the egg production rate was obtained assuming the growth rate for the naupliar stage -N3-N6. Therefore, taking into consideration the growth for specific development stages N3-N6, ProdEgg for females of T. longicornis was computed as a function of food concentration and temperature. The values of ProdEgg were used to determine the number of eggs produced per day by one female. Transformation of these data yields a relationship between the temperature T and the number of eggs Egg at seven food concentrations (25, 50, 100, 200, 300, 400 and 500 mg C m -3 ):
where:
The parabolic threshold function of temperature ft2 (with To=15°C, t3=0.6 and P1=1. 3) (see Dzierzbicka-Głowacka et al. 2011a: equation 5) describes a decrease at higher temperatures as a result of physiological depression. Egg production, therefore, follows an exponential curve up to the optimum temperature of ca. 15°C and decreases at higher temperatures.
The coefficients a, b as a function of food concentration were calculated: By substituting a and b in equation (2), we obtain the number of eggs produced per day by one female of Temora longicornis, which is determined by temperature in the range of 5-20°C and food concentrations from 25 mg C m -3 to excess.
Experimental data
Simulated Egg (see equation 2, Fig. 1 ) is affected mostly by food concentration and, to a lesser degree, by temperature. While some studies indicate that fluctuations of Egg are generally related to changes in food concentration during the spring bloom, this effect of food concentration on Egg is most evident (see Discussion). According to Peters (2006) and Holste et al. (2009) , however, salinity should also be accounted for in the determination of the egg production rate in the Baltic Sea. Therefore, the correction is included in our calculations based on the experimental data from the literature for T. longicornis from the south-western Baltic Sea (Holste et al. 2009 ) as to include salinity.
There are extensive experimental data available in the literature on the egg production in the adjacent waters, i.e. the North Sea and the English Channel (see Discussion). The values of Egg were obtained for salinity 34-35 PSU. However, the experiments of Holste et al. (2009) were conducted with individuals living in the conditions of much lower salinity. The influence of temperature and salinity (under unlimited algal concentrations) on the reproductive success of the south-western Baltic population of T. longicornis has been analyzed in the laboratory.
T. longicornis individuals used in the study (Holste et al. 2009 ) were the progeny of adults collected with a WP2 net (two vertical net hauls − from a depth of 12 m to the surface) in May 2005 (S=14 PSU, T=10°C) in Kiel Bight in the south-western Baltic Sea. In the laboratory, zooplankton samples were acclimated to S=14 PSU and T=12°C in order to enhance the production over the course of 4 days, after which T. longicornis was isolated from each field sample in the ratio of 3:1 (females : males) and placed into two cylindrical l8 l tanks (density ~25 ind l -1 ).
Cultures were provided with daily rations of a cryptophyte (Rhodomonas sp.) at concentrations (>50,000 cells ml -1 equal to ≥400 μg C l -1 ) providing unlimited growth and Egg for T. longicornis (Holste et al. 2009 ).
The effect of temperature on egg production was studied at nine different temperatures between 2.6 and 24°C and at mean salinity (14 PSU) using two trials (Exp 1). The mean reproduction increased with increasing temperature from 1.5 (± 0.4) to 12 (± 2.1) eggs female -1 d -1 , respectively, and declined at higher temperature (for details see Holste et al. 2009 : Figure 1 ). The values of Egg obtained by Holste et al. (2009) in a laboratory (under unlimited algal concentrations and at 14 PSU) with the maximum of 12 eggs female -1 d -1 at 16.6°C were much lower compared to rates measured in other areas like the North Sea and adjacent waters with salinity >30 PSU, and different feeding conditions and temperatures (see Discussion). However, the effect of salinity on Egg was investigated by Holste et al. (2009) at each of the five test salinity values: 8, 14, 20, 26 and 32 PSU with individuals from each of the four salinity cohorts (EC8, EC14, EC20 and EC26) (Exp 2). Holste et al. (2009) found significant differences in the reproductive rate. Females that were reared at 8 PSU exhibited generally low Egg (1.8 to 11 eggs female -1 d -1 ) and Egg changed little after short-term incubation in varying salinity (see Hostle et al. 2009: Figure 2A) . Animals cultured at 14 PSU produced more eggs (2.7 to 16.9 eggs female -1 d -1 ) with the maximum production at 14 PSU and a decline in Egg with further increase in S (see Hostle et al. 2009 : Figure 2B ). This pattern was also observed in other treatments, where the highest Egg occurred close to the rearing salinity (20 PSU treatment, the highest Egg: 18.5 eggs female -1 d -1 ; 26 PSU treatment, the highest Egg: 14.1 eggs female -1 d -1 ; see Holste et al. 2009 : Figure 2C and D). Their results provided evidence for "a low salinity threshold for egg production in the Baltic Sea of 8 PSU" (Holste et al. 2009 ).
In the present study, the findings from the southwestern Baltic Sea presented by Holste et al. (2009) were used to determine the function of salinity fs (see Results in this paper).
RESULTS
The set of egg production (no. eggs female -1 day -1 ) curves computed with equation (2). The effect of temperature not reduced by limited food availability is demonstrated as follows: a female produces ca. 32 eggs per day at 5°C, ca. 34.2 eggs at 10°C, 38 eggs at 15°C and 36.5 eggs at 20°C (for Food = 500 mg C m -3 ). Egg production increases with increasing temperature to 15°C, which is a result of growth increasing with temperature according to function ft1; for temperatures above 15°C, however, Egg insignificantly declines by ft2.
The simulated annual cycle of egg production by T. longicornis in the surface layer in the Gdańsk Deep after equation (2) is presented in Figure 1 . The temperature and the food concentration (as 60% of phytoplankton biomass, 25% of pelagic detritus concentration and 15% of microzooplankton biomass) are mean daily values from the CEM model like in the case of Acartia spp. (DzierzbickaGłowacka et al. 2009a) .
A one-dimensional Coupled Ecosystem Model consists of three submodels: meteorological, physical and biological. The meteorological component drives both 1-D models, and the output of the physical model is also used for driving the biological model. The biological submodel combines two models: nutrient -phytoplankton -zooplankton -detritus and prey -predator, i.e. this model consists of seven mass conservation equations. There are six diffusion advection reaction equations for phytoplankton, micro-and mesozooplankton, and early juvenile fish biomass, and a double nutrient in the water column. The seventh equation, an ordinary differential equation, describes the development of detritus at the bottom. The equations, process formulations and parameter values of the ecosystem model are given by Dzierzbicka-Głowacka (2005b , 2006a and Dzierzbicka-Głowacka et al. (2006b) .
For the population of T. longicornis, the available food concentration (including phytoplankton, microzooplankton and detritus) increases to 280 mg C m -3 in mid-April, but falls to ca. 100 mg C m -3 by the end of June. When the temperature reaches its maximum, the food concentration reaches ca. 150 mg C m -3 in August (Figure 1a ). After equation (2), a female of T. longicornis in the southern Baltic Sea will produce about 25 eggs per day in spring and ca. 18 eggs in summer. In winter, the egg production rate will be at the level of 5 eggs per female per day. The maximum rate of egg production will be in April -ca. 28 eggs female -1 d -1 (Figure 1b , lineEgg = f(Food, T)). However, based on the experimental data of Fransz et al. (1989) and Fransz & Gonzalez (1991) The discrepancy in Egg between the modeled (Figure 1b , line-Egg = f(Food, T)) and mean observed values from the southern North Sea (Figure 2 , black line) depends on the parameters of the environment (i.e. a different source of food, food concentration and temperature) for which the calculations and measurements were made as well as on the method of calculating the egg production used in this paper. The differences in Egg depend on salinity, though to a small extent, because the modeled results are also based on the experimental data from the southern North Sea Dzierzbicka-Głowacka et al. 2011a) .
In this paper, the authors attempt to obtain an equation for the mean number of eggs produced per day by one female of T. longicornis from the southern Baltic Sea on the basis of modeled results (Figure 1b , line-Egg = f(Food, T)) and findings from the southwestern Baltic Sea (Holste et al. 2009 ) to include salinity.
In the case of the Baltic Sea, egg production of T. longicornis is largely dependent on salinity (Peters 2006; Holste et al. 2009 ) and drops with the decreasing salinity. According to findings by Mudrak (2004) , the best conditions for the development of T. longicornis in the southern Baltic Sea (the Gulf of Gdańsk) are at the salinity above 7 PSU. Therefore, in this paper, the egg production is made dependent on salinity by the imposed numerically function fs including the salinity threshold (S0) for egg production of 7 PSU.
This means that the egg production rate as a function of three variables -food concentration, temperature and salinity -is given by a non-linear regression (Figure 1b , line-Egg = f(Food, T, S)):
where coefficients a and b are functions of food concentration Food (see above: equation 2), and fs is an imposed numerically function of salinity S. fs was defined by exponential function in the shape of fs = 1-exp(-α(S-7)), where coefficient α = -3 was adopted numerically including values of Egg obtained from equations given by Holste et al. (Holste et al. 2009 : Table 2 ), which describe the effect of salinity on the reproductive success at T = 14°C within the unlimited feeding conditions. As a result of modeled and experimental data, the simulated new mean Egg (Figure 1b , lineEgg = f(Food, T, S)) is affected by food concentration, temperature and salinity. Both temperature and food concentration are controlling factors, but salinity is a masking factor i.e. decrease in salinity limits the production of eggs.
The number of eggs produced per day by one female is ca. 1.6 eggs at a temperature ranging from 4.5 to 2°C at the beginning of the year, in January and February, when the population is starving. However, Egg increases to ca. 11 eggs at 4.5°C when the food concentration increases to a high value (Food = 280 mg C m -3 ), at which the growth rate tends to become constant during the spring bloom. At low temperatures and food concentrations, a female produces only about 2 eggs per day or about 70 eggs in the period of egg production, assuming that this period is about 35 days for T. longicornis from the southern Baltic Sea. This situation is observed in winter. However, at high temperatures and medium food concentrations in August (T = 18°C and Food = 150 mg C m -3 ), individuals can reach maturity just after 40 days and females produce about 6.5 eggs per day or about 90 eggs during the egg production period, assuming that this period is about 2 weeks long. In the spring bloom, a female produces ca. 1.6 times more eggs per day than in summer, when the rate of reproduction is about three times higher than in winter.
DISCUSSION
The relationships between food concentration, composition, temperature and egg production are difficult to quantify in natural food conditions.
The relationship between egg production (Egg) and chlorophyll-a concentration (Chl-a) and the conclusion that egg production is food limited are in general agreement with studies of Temora longicornis fecundity in Long Island Sound (Peterson, Bellantoni 1987) , the Skagerrak ) and the English Channel (Bautista et al. 1994) . A positive correlation between water temperature and the rate of egg production was demonstrated by Halsband & Hirche (2001) and Lee et al. (2003) . Halsband & Hirche (2001) (the southern North Sea) concluded that female body size, as a function of temperature during the development rather than the present food conditions, was the primary factor controlling the egg production in T. longicornis during the spring and early summer. On the other hand, Kiørboe & Nielsen (1994) (the southern Kattegat, Denmark) suggested that temperature did not significantly affect the egg production or feeding rates.
In general, the egg production increases hyperbolically with food concentration towards a constant level (Figure 3a ) (Fransz et al. 1989) . Temperature has also a pronounced effect on the egg production rate (Fransz et al. 1989 ) and given unlimited food concentrations, Egg increased with increasing T in accordance with the Gaussian function (Figure 3b ).
For comparison, the seasonal changes in individual daily egg production rates for geographically separate populations of T. longicornis are presented in Figure 2 .
The mean observed values of daily egg production from the southern North Sea calculated on the basis of experimental data collected by Fransz et al. (1989) and Fransz and Gonzalez (1991) are presented in Figure 2 (black line). Daily fecundity in T. longicornis increased in spring from about 5 eggs per female in February to 30 at the end of April. It fluctuated between 3 and 30 eggs in May and June, and between 1 to 8 eggs in August (Fransz et al. 1989 ). The daily egg production was also assessed in the Marsdiep tidal inlet south of Texel (the southern North Sea) between October 1989 and April 1990 (Fransz, Gonzalez 1991) . The relationship of daily egg production with changes in water temperature, chlorophyll concentration and density of algal cells from different groups was also analyzed by Fransz & Gonzalez (1991: Figure 1 ). Already at the end of February, the production rate had an upward trend, but very high values (60 to 80) were reached at the end of March. The spring increase is more a response to rising temperature than fluctuations in chlorophyll concentration. This dependence on the food level and temperature was confirmed by egg production in cohorts kept under different conditions in the laboratory. Females reared in the laboratory at 5°C were less productive than hibernating females in the sea at the same temperature.
Based on the field study, Arendt et al. (2005) reported that the egg production rate was correlated with the concentration of diatoms and ciliates, which were dominant protists in early spring in the North Sea, indicating that food quantity was the factor limiting the rate of egg production. The highest egg production rates of T. longicornis (77 eggs female -1 d -1 ) were found in April. The maximum Egg in the following months was only one-fourth of this value. The integrated, surface, or maximum chlorophyll a measurements had no correlation with the egg production rate. The laboratory data provided by Arendt et al. (2005) suggest that the egg production rate was dependent on food types, and exactly − on the content of fatty acids in algal species. According to the study by Devreker et al. (2005) , the maximum daily level of egg production of 70 eggs female -1 was observed in the eastern English Channel in March, with the minima of 10 eggs female -1 in February and July. Between February and March egg production increased with the chlorophyll concentration. At the end of March, a decrease in egg production (to 18 eggs female -1 day -1 ) corresponded to a strong increase in chlorophyll (35 µg l -1 ), which indicated a Phaeocystis-dominated bloom. After this period, egg production closely followed the temporal variation in chlorophyll concentration with the maximum of 55 eggs female -1 day -1 in April during the second peak of chlorophyll concentration. At the end of July, egg production decreased to 9.5 eggs female -1 d -1 . The highest individual egg production rate by a single female reached 161 eggs female -1 in mid-March.
In the Menai Strait (the Irish Sea), Castellani & Lucas (2003) reported the maximum daily number of eggs by one female to be 30 in April at 8°C and at food concentration of 10 mg Chl m -3 . In summer and autumn, the egg production rate was nearly 9-10 eggs female -1 d -1 . Evjemo et al. (2008) observed a relatively low rate of egg production in Trondheimsfjord (central Norway) during early spring and late autumn (8-30 eggs female -1 d -1 ) and a high rate during summer (43-47 eggs female -1 d -1 ). The maximum egg production rate of 108 eggs female -1 d -1 was recorded in June 2003. The minima of the total food concentration of copepods were recorded in late May and late autumn. Food concentrations in June-September were relatively stable at 120-300 mg C m -3 . The temperature had a maximum value around August and varied within a relatively narrow range throughout the seasons (7-16°C).
During a 6-month study period in Long Island Sound (New York, USA), Peterson and Kimmerer (1994) observed three phytoplankton blooms. The maximum egg production rates during these blooms in March, late May and early July were 50, 20 and 30 eggs female -1 d -1 , respectively. In all other cases, the egg production rate was nearly zero.
Values of egg production reported in different studies are often difficult to compare due to differences in one or more factors. Based on the above data, a wide range in values of T. longicornis Egg depends on the area of species occurrence, i.e. the environmental factors: feeding conditions and different temperature optima during spring bloom and in summer, as well as the body size of females.
Generally, the field research described above suggest that the best conditions for egg production in the North Sea (Fransz, Gonzalez 1991; Fransz et al. 1989; Arendt et al. 2005 ) and adjacent waters, as the English Channel (Devreker et al. 2005) , the Irish Sea (Castellani, Lucas 2003) , are during the spring bloom at a high concentration of specific food and within the temperature range of 5-10°C. In summer, when the value of available food is lower and temperature is above the optimum, any decrease in the reproductive rate is observed probably as a result of physiological depression at higher temperatures and quality of food.
It appears from the laboratory experiments that the reproductive success of T. longicornis is linked to characteristics of specific fatty acids of the ingested food, especially the content of long chain fatty acids (Arendt et al. 2005 ). In the Trondheimsfjord (central Norway), the rate of egg production did not show any relationship with food concentration but was positively correlated with temperature, although not statistically significantly. The food quality (i.e. the quantitative and percentage DHA content of food) was significantly correlated with the rate of egg production (Evjemo et al. 2008) . Spring phytoplankton, dominated by diatoms, contained low amounts of DHA (docosahexaenoic acid) in essential fatty acids (EFA). Dinoflagellates, small flagellates and ciliates dominated in summer, when a high content of DHA was recorded.
The importance of two biotic factors and their role in controlling the T. longicornis population size in Long Island Sound is discussed by Peterson and Kimmerer (1994) : seasonal variations in chlorophyll concentration as a factor controlling the birth rates, and variations in the egg mortality rate as a factor controlling the recruitment of nauplii to the population. It is well established that the egg production in Long Island Sound is dependent on food concentration.
"Most field studies have shown that food is usually present in quantities sufficient to support high rates of egg production of most copepods only during phytoplankton blooms. At all other times, rates of egg production are usually far less than maximum and are limited by food supply" Peterson & Kimmerer (1994) . Peters et al. (2007) showed that the amount of food rather than quality determined the reproductive success of T. longicornis during their study in the North Sea. Some authors have found a correlation between chlorophyll a concentrations and the egg production rate in T. longicornis, for example in the Kattegat (Kiørboe, Nielsen 1994) and Long Island Sound (Peterson, Kimmerer 1994) . The peaks in chlorophyll a at different locations correspond to different phytoplankton species blooms, some of which are available for T. longicornis, while others may not be. It appears that total chlorophyll a measurements are not always a good measure of food availability for T. longicornis, as it was suggested by Dam & Peterson (1991) . Devreker et al. (2005) showed that temperature and chlorophyll concentration affected the reproductive parameters of T. longicornis in a different way. The female survival and the body size were negatively correlated with temperature, while the highest chlorophyll concentrations were not always favorable to egg production. Therefore after Devreker et al. (2005) , the quality of food should not be associated with chlorophyll quantity.
All the egg production values quoted above were for incubations performed at salinity >30 PSU. In the Baltic Sea (salinity much lower than 30 PSU), temperature and salinity conditions strongly affect the rate of egg production by female T. longicornis (Peters 2006 , Holste et al. 2009 ). Data on food selectivity of T. longicornis are controversial. This species is often described as a non-or weakly selective omnivore (e.g. Koski et al. 2005 , Kozlowsky-Suzuki et al. 2006 ) with strong herbivorous tendencies (Sautour, Castel 1999) . It was suggested that T. longicornis is basically a size selective feeder (Koski et al. 2005; Dam, Petersen 1991; Peterson, Kimmerer 1994) , whereas other studies found prey taxa-specific selectivity, e.g. on ciliates (Vincent, Hartmann 2001; Anatjan 2004) , cryptophytes (Cotonnec et al. 2001) as well as diatoms, dinoflagellates and chlorophytes (Antajan 2004 , Guisande et al. 2002 . In the Baltic Sea generally, the diet composition in the Bornholm Basin seems to differ from that in other habitats in a relatively moderate role of diatoms and much larger importance of heterotrophic food components (Peters 2006: Chapter III) .
The studies in the Bornholm Basin (Baltic Sea) carried out by Peters (2006: Chapter III) presented seasonal changes in the individual daily egg production rate of T. longicornis. Values of Egg reached 14 eggs per day in April and declined sharply over the summer to only 0.7 eggs per day, while the second smaller peak in reproduction occurred in October − 6 eggs per day (Peters 2006 : Figure 4 -the grey area).
However, Egg obtained by Holste et al. (2009) in laboratory experiments had a value of 12 eggs produced by one female per day at 14 PSU in Exp1. They found significant differences in Egg when cohorts acclimated to one of four different salinities were tested at five different salinities in Exp2. "While Egg was always highest at the acclimation salinity of cohorts tested at 14, 20 and 26 PSU, the 8 PSU individuals exhibited no differences in Egg when tested at various salinities" (for details see Holste et al. 2009 : Figure 2) .
Those findings by Peters (2006) and Holste et al. (2009) for the Baltic Sea are consistent with the values of Egg obtained in the present study (equation 3 with correction). Our calculations suggest that in the southern Baltic Sea, the maximum Egg (ca. 11 eggs female -1 d -1 ) coincided with the spring phytoplankton bloom occurring between March and April at 4-6°C and at salinity around 7-8 PSU. The second peak in Egg (ca. 8 eggs female -1 d -1 ) was obtained in September at surface water temperatures of 15-17°C. Hence, individual egg production rates in the Baltic Sea (the Bornholm Basin - Peters (2006) and the Gulf of Gdańsk -in this paper) are rather low (ca. 3-5 times) compared to adjacent waters, i.e. the North Sea and the English Channel, where Egg values are moderate or quite high and vary significantly within the investigation area, without reaching the maximum values (Peters 2006 : Chapter 4 after Halsband, Hirche 2001 Arendt et al. 2005) . Therefore, the results presented by Peters (2006) , Holste et al. (2009) and in this paper suggest that "salinity is a masking factor in the Baltic Sea" (Holste et al. 2009 ).
The detailed comparison of Egg for different laboratories and field studies (the Baltic Sea, the North Sea and the Gulf of St. Lawrence) was presented by Holste et al. (2009: Figure 6 and Table  3 ).
The differences in egg production of T. longicornis from two ecosystems, the Baltic Sea and the North Sea, which were also discussed in detail by Holste et al. (2009) , depend on: female predisposition to maternity (i.e. female prosome length) and environmental conditions (i.e. quality and quantity of available food, temperature at a given time of the year and salinity) in which a female develops and lays eggs.
Based on the laboratory data presented by Holste et al. 2009 and the modeled results presented in this paper, we advise that they may be used to study the impact of climate changes on the development of T. longicornis in the Baltic Sea.
CONCLUSION
Numerical models are one of the most efficient ways of integrating and summarizing a large amount of observation data collected with a large amount of money, effort and patience, as well as acquiring new knowledge about the subject of the study.
The results of this study include the number of eggs produced by one female per day as a function of the growth rate for the naupliar stage (after Sekiguchi et al. 1980 ) and the annual cycle of the reproductive rate for the modeled temperature, available food concentration and salinity. The modeled results were compared with experimental data from other localities, which are taken from the literature because there are no data for Temora longicornis from the Gulf of Gdańsk. The differences in Egg between the modeled (equation 2 without correction) and mean observed values were relatively large. The authors, therefore, obtained the egg production rate of T. longicornis for the southern Baltic Sea on the basis of modeled results and experimental data from the south-western Baltic Sea by a non-linear regression (equation 3 with correction).
The studies in the Gulf of Gdańsk by Mudrak (2004) and unpublished data for 2006 and 2007 showed that the highest number of T. longicornis in the naupliar stage was observed during the spring bloom. This may suggest that egg production depends, to a large extent, on food concentration rather than on temperature. According to these results and the results obtained by Peters (2006) and Holste et al. (2009) for the south-western Baltic Sea, we assume that equation (3) is suitable for describing the egg production rate of T. longicornis in the southern Baltic Sea (Gulf of Gdańsk).
Our assumptions and approximations appear to predict the food concentration-, temperature-, and salinity-dependent daily rates of egg production by T. longicornis; we suggest that they can be used in ecosystem models coupled with population models of a dominant species in the southern Baltic Sea.
Field studies, providing the most reliable information about the mechanisms and processes, require long-term, complex and costly in-situ observations in different hydrometeorological conditions to collect appropriate "statistics" of the situation, which is necessary for adequate diagnosis of the state of the environment and the potential of its estimates.
Mathematical models have, of course, certain restrictions resulting from the state of knowledge about the individual processes, parameterization methods and their interrelationships with adequate possibilities for their implementation in a model.
These facts explain the current widespread use of mathematical models and computer simulations as new methods of diagnosing the laws that govern the natural world.
Numerical models are in fact one of the most effective methods to integrate and summarize large amounts of observational data collected at the expense of large amounts of money, effort and patience, as well as to acquire new knowledge about the subject of the study.
The next step in our modeling is to run the population model within the ecosystem model 3D CEMBS (http://deep.iopan.gda.pl/CEMBaltic/new_lay/forecast2.php, Dzierzbicka-Głowacka et al. 2013a, b) to study the impact of seasonal variations in food concentration, temperature and salinity on the T. longicornis biomass for the next few decades in the southern Baltic Sea, including salinity as a masking factor.
